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324Frailty increases the risk of 30-day mortality,
morbidity, and failure to rescue after elective
abdominal aortic aneurysm repair independent
of age and comorbidities
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Background: Frailty, deﬁned as a biologic syndrome of decreased reserve and resistance to stressors, has been linked to
adverse outcomes after surgery. We evaluated the effect of frailty on 30-day mortality, morbidity, and failure to rescue
(FTR) in patients undergoing elective abdominal aortic aneurysm (AAA) repair.
Methods: Patients undergoing elective endovascular AAA repair (EVAR) or open AAA repair (OAR) were identiﬁed in the
National Surgical Quality Improvement Program database for the years 2005 to 2012. Frailty was assessed using the
modiﬁed frailty index (mFI) derived from the Canadian Study of Health and Aging (CSHA). The primary outcome was
30-day mortality, and secondary outcomes included 30-day morbidity and FTR. The effect of frailty on outcomes was
assessed by multivariate regression analysis, adjusted for age, American Society of Anesthesiology (ASA) class, and sig-
niﬁcant comorbidities.
Results: Of 23,207 patients, 339 (1.5% overall; 1.0% EVAR and 3.0% OAR) died #30 days of repair. One or more
complications occurred in 2567 patients (11.2% overall; 7.8% EVAR and 22.1% OAR). Odds ratios (ORs) for mortality
adjusted for age, ASA class, and other comorbidities in the group with the highest frailty score were 1.9 (95% conﬁdence
interval [CI], 1.2-3.0) after EVAR and 2.3 (95% CI, 1.4-3.7) after OAR. Similarly, compared with the least frail, the
most frail patients were signiﬁcantly more likely to experience severe (Clavien-Dindo class IV) complications after EVAR
(OR, 1.7; 95% CI, 1.3-2.1) and OAR (OR, 1.8; 95%, CI, 1.5-2.1). There was also a higher FTR rate among frail patients,
with 1.7-fold higher risk odds of mortality (95% CI, 1.2-2.5) in the highest tertile of frailty compared with the lowest
when postoperative complications occurred.
Conclusions: Higher mFI, independent of other risk factors, is associated with higher mortality and morbidity in
patients undergoing elective EVAR and OAR. The mortality in frail patients is further driven by FTR from post-
operative complications. Preoperative recognition of frailty may serve as a useful adjunct for risk assessment. (J Vasc
Surg 2015;61:324-31.)Frailty is deﬁned as a biologic syndrome of decreased
reserve and resistance to stressors resulting from cumulative
declines across multiple physiologic systems and causing
vulnerability to adverse outcomes.1 Various measures of
frailty have been described in the geriatric literature, but
there is no single gold standardmeasure of frailty. Rockwood
et al2 andMitnitski et al3 developed a frailty index (FI), usingthe Division of Vascular Surgery, Emory University School of Medi-
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sure of deﬁcit accumulation; that is, a measure of the
cumulative burden of symptoms, diseases, conditions, and
disability. Fried et al4 developed a biologic syndrome model
of frailty in the Cardiovascular Health Study (CHS) that is a
constellation of ﬁve components: weight loss, exhaustion,
weakness, slowness, and reduced physical activity. Frailty
has been recently shown as an independent risk factor for
predicting postsurgical outcomes in patients undergoing
major surgical procedures, including general surgical, colo-
rectal, oncologic, cardiac, and urologic procedures.5-9
More than 33% of all current operations and 60% of
vascular surgery operations in the United States are per-
formed in individuals aged$65 years.10 Treatment decision
making can be very difﬁcult, especially in the elderly or
comorbid population due to the paucity of standardized,
easily reproducible tools to predict postoperative outcomes.
Many of the commonly used instruments to assess preoper-
ative risks are subjective or are based on retrospectively
collected data points of age and comorbidities, among
others.11,12 Most of the preoperative risk stratiﬁcation for
aortic aneurysm and other vascular patients focuses on car-
diac risk but does not take into account physiologic reserve.
JOURNAL OF VASCULAR SURGERY
Volume 61, Number 2 Arya et al 325Decrement in physiologic reserve (frailty) may be associated
with a reduced ability to recover from the insults of a major
stressor such as surgery.
In this study, we evaluated the effect of frailty on
30-day mortality and morbidity in patients undergoing
elective abdominal aortic aneurysm (AAA) repair. To mea-
sure frailty, we used a modiﬁed frailty index (mFI), based
on a deﬁcit accumulation model of frailty derived from
the CSHA that has been validated using the American Col-
lege of Surgeons (ACS) National Surgical Quality
Improvement Program (NSQIP) database.11,13 Our hy-
pothesis was that perioperative morbidity, mortality and
failure to rescue (FTR) from major complications would
be higher in patients with higher degree of preoperative
frailty, controlling for other risk factors. We tested this hy-
pothesis in elective AAA repair to evaluate a homogenous
cohort where frailty estimation can be performed as a pre-
operative risk stratiﬁcation tool.
METHODS
Database. We reviewed existing data within the ACS-
NSQIP from 2005 to 2012. The database contains pro-
spectively collected clinical and surgical information for all
major inpatient and outpatient surgical procedures per-
formed at >200 participating hospitals in the United States
and Canada. A comprehensive list of preoperative comor-
bidities, functional status, laboratory values, intraoperative
variables, and 30-day postoperative outcomes are available
through the database. Patients aged <16 years were not
included in the NSQIP database. In addition, patients aged
>89 were coded as 90þ to protect patient conﬁdentiality.
The ACS-NSQIP training, data collection, and audit-
ing process is highly reliable and has strong inter-rater reli-
ability.14 The database is deidentiﬁed and does not contain
any protected health information. The Emory Institutional
Review Board waived Institutional Review Board approval
and need for patient informed consent given the lack of
protected health information and deidentiﬁed nature of
the database.
Study population. Current Procedural Terminology
(CPT) codes (American Medical Association, Chicago, Ill)
and International Classiﬁcation of Diseases-Ninth Revision
diagnosis codes (AAA without mention of rupture) were
used to identify 24,531 patients undergoing endovascular
AAA repair (EVAR) and openAAA repair (OAR) from2005
to 2012. To include only elective repairs, we applied the
following exclusion criteria: emergency status, critical pa-
tientswith ventilator dependence, acute kidney failure, sepsis
or septic shock, and transfer from another acute care hospital
or from another emergency department. The ﬁnal study
cohort included 23,027 patients.
Study variables. Our primary outcome was 30-day
mortality. Secondary outcomes included occurrence of:
1. Clavien-Dindo class IV complications,15 deﬁned as
life-threatening complications or those requiring
intensive care management, including postoperative
septic shock, myocardial infarction, cardiac arrest,pulmonary embolism, acute renal insufﬁciency
requiring dialysis, ventilation >48 hours, unplanned
intubation, central nervous system complications
(coma or stroke), graft failure;
2. Less severe complications, including urinary tract
infection, pneumonia, deep vein thrombosis or throm-
bophlebitis, and surgical site infection; and
3. FTR, deﬁned as likelihood of death from complica-
tions occurring in-hospital.
Frailty was assessed using the mFI (described subse-
quently). Transfer from a chronic care facility and signiﬁ-
cant weight loss #6 months preceding the repair were
not part of the mFI but were used as additional measures
of frailty in the multivariate regression analysis.
The mFI. Toquantitativelymeasure frailty, we used the
11-point mFI derived from the CSHA FI2,3 and validated in
the NSQIP database.13 Table I reports corresponding
NSQIP variables for the CSHA FI. The mFI is calculated by
adding 1 point for the presence of each variable and dividing
the sum by 11. Frailty was used as a scale to compare
morbidity and mortality with increasing frailty in EVAR and
OAR.Therewere<40patientswithmFI$0.55,whichwere
combined with patients with anmFI of 0.45 tomake sample
sizes more comparable across indices for Figs 1 and 2. Frailty
was then categorized into tertiles (low,middle, and high) for
comparative analysis across groups in univariate and multi-
variate regression analyses.
Statistical analysis. Continuous variables are expressed
asmeans6 standard deviations or asmedianswith interquar-
tile ranges if they were not normally distributed.Means were
compared using unpaired t-tests or analysis of variance.
Discrete variables are expressed as counts and percentages,
and c2 or Fisher exact tests were used to compare propor-
tions. Because the NSQIP database records all patients
aged >90 years of age as “90þ,” age calculations were per-
formed using 90 as the presumed age for all patients in this
age group.
Univariate and multivariate logistic regression analyses
were performed to obtain unadjusted and adjusted odds ra-
tios (ORs) for 30-day mortality and morbidity. To control
for the increased risk of mortality and morbidity due to
advanced age or signiﬁcant comorbidities, we adjusted for
age and the American Society of Anesthesiologists (ASA)
Physical Status Classiﬁcation in the multivariate regression
model. Other preoperative variables, including comorbid-
ities and laboratory parameters, were included in the model
for 30-day mortality if they demonstrated statistical signif-
icance in the univariate regression analysis and did not
contain >10% missing observations. Of these, variables
were excluded from the ﬁnal model if they were associated
with P > .10 in the multivariate model.
Model assumptions were evaluated using the variance
inﬂation factors associated with each variable to check for
multicollinearity. The overall model ﬁt was obtained using
the C statistic and the Hosmer-Lemeshow goodness-of-ﬁt
test. The ﬁnal multivariate models were built for all AAA
repairs and then separately for patients undergoing EVAR
Fig 1. Percentage of patients who died #30 days after elective
open aneurysm repair (OAR) and endovascular aneurysm repair
(EVAR), stratiﬁed by the modiﬁed frailty index (mFI). An
increasing mFI indicates higher frailty.
Fig 2. Percentage of patients who experienced major (Clavien-
Dindo class IV) postoperative complications #30 days after elec-
tive open aneurysm repair (OAR) and endovascular aneurysm
repair (EVAR), stratiﬁed by the modiﬁed frailty index (mFI). An
increasing mFI indicates higher frailty.
Table I. Derivation of the National Surgical Quality Improvement Program (NSQIP) modiﬁed frailty index (mFI) from
the Canadian Study of Health and Aging (CSHA) FI
Variables CSHA FI NSQIP mFI
Functional and cognitive
impairment
Problems with dressing Preoperative functional health statusdpartially or totally
dependent
Problems with bathing
Problems with personal grooming
Problems with cooking
Problems with going out alone
Clouding or delirium Impaired sensorium
History relevant to cognitive impairment or loss
Family history relevant to cognitive impairment
Medical comorbidities History of diabetes mellitus Diabetes mellitusdnoninsulin or insulin
Chronic/acute lung disease History of severe COPD
Current pneumonia
Congestive heart failure Congestive heart failure #30 days before surgery
Myocardial infarction History of myocardial infarction #6 months before
surgery
Cardiac disease Previous percutaneous coronary intervention or cardiac
surgery
History of angina #1 month before surgery
Arterial hypertension Hypertension requiring medication
Cerebrovascular problems History of transient ischemic attack
History of stroke Cerebrovascular accident or stroke with neurologic deﬁcit
Decreased peripheral pulses History of revascularization or amputation for peripheral
vascular disease
Rest pain or gangrene
COPD, Chronic obstructive pulmonary disease.
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repair. Complete case analysis was performed to minimize
selection bias secondary to missing observations.
For the FTR analysis, mortality in patients experiencing
one or more complications was examined. The 30-day risks
and ORs of mortality in the higher-frailty second or third
mFI tertiles compared with the lowest tertile were calcu-
lated for patients with postoperative complications.
Because preoperative frailty and occurrence of postopera-
tive complications both affect mortality and FTR, we addi-
tionally obtained the relative excess risk due to interaction
to evaluate this interaction on the additive scale.16 Thebaseline comparative group for this analysis was the cohort
of nonfrail patients with no postoperative complications.
The statistical analysis was done using SAS 9.2 software
(SAS Institute Inc, Cary, NC).
RESULTS
Baseline characteristics. Of 23,027 total patients,
17,668 (76.7%) underwent EVAR. Mean age was 73.4 6
8.6 years. The mFI was 0.18 6 0.1 (range, 0-0.73), with
7750 patients (42.7%) within the lowest mFI tertile (values
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4178 (23.0%) in the highest tertile (0.27-0.73). The distri-
butions of mFI did not differ signiﬁcantly between patients
undergoing EVAR and OAR (P ¼ .710).
Table II reports baseline characteristics for all patients
undergoing AAA repair and patient characteristics stratiﬁed
by type of repair. Patients with OAR were more likely to be
younger, female, and had a $10% weight loss in the last
6 months (all P < .05), whereas EVAR patients were
more likely to have diabetes and peripheral arterial disease
and to have undergone prior coronary interventions or sur-
gery. Interestingly, the prevalence of chronic obstructive
pulmonary disease (COPD), functional dependence, and
residence in a chronic care facility were not very different
in the two groups.
Thirty-day mortality. Death #30 days occurred in
339 patients (1.5%), with a nearly threefold increased risk
of death among patients who underwent OAR (3.0%)
compared with the less invasive EVAR (1.0%). For both
operations, there was a statistically signiﬁcant trend (P <
.001) of increasing mortality with increasing mFI (Fig 1).
The 30-day mortality in the highest category of frailty (mFI
range, 0.45-0.73) was 9% for OAR and 4% for EVAR. For
purposes of comparison in regression analysis, we catego-
rized frailty into tertiles (three groups). The unadjusted
ORs comparing mortality in the highest to lowest frailty
tertile were 3.3 (95% conﬁdence interval [CI], 2.1-5.0) for
OAR and 2.6 (95% CI, 1.7-3.9) for EVAR (Table III).
Thirty-day morbidity. Similar to mortality, a statisti-
cally signiﬁcant trend (P < .0001) was noted in the occur-
rence of any complications with increasing degree of frailty
in the EVAR and OAR groups (Fig 2). There was a steep
increase in risk of any complications from an mFI of 0.36 to
an mFI of $0.45, with almost a 10-fold increase in EVAR
(2.4% to 20.1%) and OAR (4.8% to 47.3%) complications.
One or more Clavien-Dindo class IV complications
occurred in 1310 patients (5.7%). The ORs of occurrence
of these class IV complications in the highest frailty groups
were 2.6 (95% CI, 2.2-3.2) times higher in OAR and 2.3
(95% CI, 1.9-2.8) times higher in EVAR (Table III)
compared with the lowest frailty group. Less severe com-
plications (eg, urinary tract infection, pneumonia, superﬁ-
cial/deep surgical site infections, and deep venous
thrombus/thrombophlebitis) occurred in 1501 patients
(6.5%) and more frequently among frail patients, with ORs
of 2.3 (95% CI, 1.8-2.8) for OAR and 1.9 (95% CI, 1.6-
2.3) for EVAR.
Multivariate regression. Table IV reports the results
from the multivariate regression analysis. Although signif-
icantly associated with death in the univariate analyses, the
covariates of current smoking status, preoperative dialysis,
hemiplegia, paraplegia, preoperative wound infection,
bleeding disorder, recent transfusion, and chemoradiation
were excluded from the ﬁnal model (based on the criteria
in the Methods). After adjusting for other clinical and
demographic factors, patients in the highest tertile of frailty
had 2.3 (95% CI, 1.4-3.7) and 1.9 (95% CI, 1.2-3.0) times
increased odds for death in the OAR and EVAR groups,respectively, compared with the nonfrail or lowest tertile of
frailty. Admission from a chronic care facility (OR, 4.4;
95% CI, 1.9-10.4) and signiﬁcant weight loss (OR, 5.0;
95% CI, 2.4-10.3) were also signiﬁcantly associated with
death after EVAR, but not OAR. The models were robust
and ﬁt the observed data well as tested using the C statistic
and Hosmer-Lemeshow test (Table IV).
Table V reports the adjusted ORs obtained from sepa-
rate multivariate analyses for 30-day morbidity. Compared
with the least frail patients, the most frail patients were 1.7
(95% CI, 1.3- 2.1) and 1.8 (95% CI, 1.5-2.1) times more
likely to experience severe (Clavien-Dindo class IV) com-
plications after EVAR and OAR, respectively. Frail patients
were also 1.5 times (95% CI, 1.2-1.9) more likely to un-
dergo reoperation after OAR. Frailty was not a signiﬁcant
predictor of reoperation after EVAR (P > .05). The reop-
eration variable was introduced in NSQIP in 2011. The
three most common reinterventions subgroups were lower
extremity exploration for ischemia, lower extremity incision
and drainage procedures for seroma/hematoma or infec-
tion, and exploratory laparotomy.
FTR. FTR describes a phenomenon where patients
experience higher likelihood of death from complications
occurring in the hospital and has been recently shown as
an important phenomenon that drives in-hospital mortal-
ity,17 especially in aortic aneurysm repair.18,19 In the
absence of complications, the overall risk of death is low, at
0.37% (OAR, 0.67%; EVAR, 0.29%), whereas in the pres-
ence of complications, the risk of death (FTR) is substan-
tially higher, at 10.28% (OAR, 11.05%; EVAR, 9.62%).
Because frailty also affects mortality, we looked at the effect
modiﬁcation of frailty on the risk of FTR for both types of
repair. Table VI reports the increasing risk of FTR as frailty
increases for both OAR and EVAR. Comparison of risk
ORs for mortality among patients with postrepair compli-
cations revealed that compared with the least frail, the most
frail patients were almost twice more likely to die after
EVAR (OR, 1.8; 95% CI, 1.1-3.0) and after OAR (OR,
1.7; 95% CI, 1.0-2.8) when one or more complications
occurred #30 days after the aneurysm repair (Table VI).
The relative excess risk due to interaction was 16.1 (P ¼
.01), suggesting that the combination of frailty and com-
plications increase the risk odds of mortality beyond what is
expected in the absence of interaction.
DISCUSSION
Our study shows that contemporary national surgical
results for aneurysm repair in elective patients have consid-
erable variation on morbidity and mortality based on frailty
and that frailty is an independent predictor of perioperative
outcomes. Frailty also drives the FTR in patients who expe-
rience complications. The effect of frailty is not restricted to
just open major abdominal repair but also signiﬁcantly in-
creases death and complications in the minimally invasive
approach of EVAR.
Frailty is a syndrome of decreased physiologic reserve in
recovery from a stressor (such as surgery) and has been
measured using different models, such as the CHS/Fried
Table III. Unadjusted odds ratios (ORs) and 95% conﬁdence intervals (CIs) for middle and high tertiles of frailty (low
modiﬁed frailty index [mFI] is the reference group) on death, Clavien-Dindo class IV complications, and other
complications, obtained from univariate regression analysis
Outcome mFI tertile
All repairsa (N ¼ 18,169),
OR (95% CI)
EVARa (n ¼ 13,675),
OR (95% CI)
OARa (n ¼ 4494),
OR (95% CI)
Death Low 1 1 1
Middle 1.6 (1.2-2.2) 1.7 (1.1-2.5) 1.6 (1.0-2.6)
High 2.8 (2.1-3.8) 2.6 (1.7-3.9) 3.3 (2.1-5.0)
Clavien-Dindo class IV complicationsb Low 1 1 1
Middle 1.5 (1.3-1.7) 1.4 (1.1-1.7) 1.6 (1.3-2.0)
High 2.4 (2.0-2.7) 2.3 (1.9-2.8) 2.6 (2.2-3.2)
Other complicationsc Low 1 1 1
Middle 1.4 (1.2-1.6) 1.3 (1.0-1.5) 1.5 (1.2-1.9)
High 2.0 (1.7-2.3) 1.9 (1.6-2.3) 2.3 (1.8-2.8)
aAll results are statistically signiﬁcant at P < .05.
bIncludes postoperative septic shock, myocardial infarction, cardiac arrest, pulmonary embolism, acute renal insufﬁciency requiring dialysis, ventilation
>48 hours, unplanned intubation, central nervous system complications (coma or stroke), and graft failure.
cIncludes postoperative urinary tract infection, superﬁcial/deep surgical site infection, pneumonia, and deep venous thrombosis/thrombophlebitis.
Table II. Baseline characteristics of patients undergoing elective abdominal aortic aneurysm (AAA) repair stratiﬁed by
endovascular AAA repair (EVAR) and open AAA repair (OAR)
Variablesa
All patients
(N ¼ 23,027)
EVAR
(n ¼ 17,668)
OAR
(n ¼ 5,359) P value
Age, years 73.4 6 8.6 74.1 6 8.5 71.0 6 8.6 <.001
Female gender 4553 (19.8) 3160 (17.9) 1393 (26.0) <.001
ASA classiﬁcation <.001
No or mild disturbance 1528 (6.6) 1219 (6.9) 309 (5.8)
Severe disturbance 16,723 (72.7) 13,026 (73.8) 3697 (69.1)
Life threatening or moribund 4756 (20.7) 3411 (19.3) 1345 (25.1)
Chronic obstructive pulmonary disease 4420 (19.2) 3393 (19.2) 1027 (19.2) .968
Myocardial infarction #6 months 180 (1.0) 127 (0.9) 53 (1.2) .141
Previous percutaneous coronary intervention, cardiac surgery, or angina 6871 (37.8) 5286 (38.6) 1585 (35.3) <.001
Diabetes mellitus requiring medication 3445 (15.0) 2761 (15.6) 684 (12.8) <.001
Hypertension requiring medication 18,570 (80.6) 14,145 (80.1) 4425 (82.6) <.001
Previous revascularization, amputation, rest pain, or gangrene 1124 (6.2) 317 (7.1) 807 (5.9) .006
Functional dependence 703 (3.1) 550 (3.1) 153 (2.9) .342
Transferred from a chronic care facility 157 (0.7) 121 (0.7) 36 (0.7) .17
Impaired sensorium 27 (0.2) 21 (0.2) 6 (0.1) 1
Weight loss >10% body weight #6 months 278 (1.2) 195 (1.1) 83 (1.6) .012
ASA, American Society of Anesthesiologists Physical Status Classiﬁcation.
aContinuous variables are expressed as mean 6 standard deviation, and categoric variables are reported in total number of observations with associated
percentage (%).
JOURNAL OF VASCULAR SURGERY
328 Arya et al February 2015FI, which is a phenotypic model, or a FI model of accumu-
lated deﬁcits as proposed by the CSHA. Frailty is distinct
from presence of comorbidities because the domains of
frailty encompass physical, mental, and social factors. The
recognition and measurement of frailty has received a lot
of attention in the recent surgical literature. In a seminal
study, Makary et al5 prospectively used the CHS/Fried
FI in patients aged $65 years and showed frailty indepen-
dently predicts postoperative complications, length of stay,
and discharge to a skilled or assisted-living facility and
enhances conventional risk models.
Multiple studies in the last few years have supported
the effect of frailty on increased death and complications
in various surgical populations.6-9,11-13,20 The studies areheterogenous: some used prospective methods to assess
frailty5-8,20 and others, liked our study, used registry or
retrospective methods.9,11-13,21 There is no consensus on
the deﬁnition and measurement criteria for frailty, even in
the geriatric literature.2,22 Different methods for frailty
assessment have been proposed, including computed
tomography-guided core muscle size measurements,12,21
nutritional and morphometric measures,20 composite
scores of deﬁcit accumulation,9,11,13 and tests of gait speed,
hand grip strength, and balance,5,7,8 as well as a combina-
tion of geriatric assessment tools.23
Our study used amFI, using theCSHAdeveloped specif-
ically and validated for the NSQIP database by Adams et al,9
Karam et al,11 and Velanovich et al.13 We speciﬁcally looked
Table IV. Adjusted odds ratios (ORs) and 95% conﬁdence intervals (CIs) obtained from the multivariate logistic
regression analysis for 30-day mortality
Predictor variable
All repairsa (N ¼ 17,542),
OR (95% CI)
EVARb (n ¼ 13,184),
OR (95% CI)
OARc (n ¼ 4358),
OR (95% CI)
mFI tertile
Low 1 1 1
Middle 1.4 (1.0-1.9) 1.4 (0.9-2.2) 1.4 (0.9-2.2)
High 2.0 (1.5-2.8) 1.9 (1.2-3.0) 2.3 (1.4-3.7)
ASA class 1.6 (1.3-2.1) 1.6 (1.1-2.2) 1.4 (1.0-2.0)
Age 1.1 (1.0-1.1) 1.1 (1.0-1.1) 1.1 (1.1-1.1)
Female gender 1.5 (1.1-2.0) 1.2 (0.8-1.9) 1.3 (0.9-2.0)
Admission from a chronic care facility 2.3 (1.0-4.9) 4.4 (1.9-10.4) 0.3 (0.0-2.4)
Recent, unintended weight loss >10% body weight 3.1 (1.7-5.8) 5.0 (2.4-10.3) 1.3 (0.4-4.4)
Serum creatinine 1.3 (1.2-1.4) 1.3 (1.2-1.5) 1.2 (0.9-1.4)
ASA, American Society of Anesthesiologists Physical Status Classiﬁcation; EVAR, endovascular abdominal aortic aneurysm repair; mFI, modiﬁed frailty index;
OAR, open abdominal aortic aneurysm repair.
aC ¼ 0.73, P ¼ .08. The C statistic represents the areas under the receiver operating curve; the P value was obtained from the Hosmer-Lemeshow test, where
P > .05 signiﬁes that the model ﬁts the observed data well.
bC ¼ 0.73, P ¼ .87.
cC ¼ 0.77, P ¼ .65.
Table V. Adjusted odds ratios (ORs) and 95% conﬁdence intervals (CIs) comparing highest to lowest tertile of frailty,
obtained from the multivariate logistic regression analysis for 30-day morbidity, adjusted for age and American Society of
Anesthesiologists (ASA) Physical Status Classiﬁcation
Outcome
All repairsa (N ¼ 17,542),
OR (95% CI)
EVARa (n ¼ 13,184),
OR (95% CI)
OARa (n ¼ 4358),
OR (95% CI)
Clavien-Dindo class IV complications 1.7 (1.4-1.9) 1.7 (1.3-2.1) 1.8 (1.5-2.1)
Other complications 1.5 (1.3-1.7) 1.4 (1.2-1.7) 1.7 (1.4-2.1)
Reoperation 1.2 (1.1-1.4) 1.1 (0.9-1.3) 1.5 (1.2-1.9)
EVAR, endovascular abdominal aortic aneurysm repair; OAR, open abdominal aortic aneurysm repair.
aAll results are statistically signiﬁcant with P < .05, except for reoperation after EVAR.
Table VI. Risk of failure to rescue (FTR)a across frailty tertiles for open abdominal aortic aneurysm (AAA) repair (OAR)
and endovascular AAA repair (EVAR)b
Repair No.
mFI tertile
Low Middle High
OAR
Risk of FTR, % 4494 8.9 10.2 14.2
OR (95% CI) 1 (Ref) 1.2 (0.7-2.0) 1.7 (1.0-2.8)
EVAR
Risk of FTR, % 13,675 6.7 12.0 11.3
OR (95% CI) 1 (Ref) 1.9 (1.1-3.2) 1.8 (1.1-3.0)
All repairs
Risk of FTR, % 18,169 7.7 11.1 12.7
OR (95% CI) 1 (Ref) 1.5 (1.0-2.2) 1.7 (1.2-2.5)
CI, Conﬁdence interval; mFI, modiﬁed frailty index; OR, odds ratio; Ref, reference tertile.
aDeath in patients experiencing postoperative complications.
bORs (95% CI) for FTR, by frailty tertile (lowest tertile is reference).
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effective alternative to OAR, with decreased perioperative
morbidity and mortality, although the survival advantage of
EVAR is largely gone >2 years24 and increased secondary
reinterventions are needed in the EVAR group for graft-
related complications.25,26The seminal randomized control trials comparing the
OAR and EVAR of AAA had comparable mortality
for EVAR, documenting 2.1% in the Comparison of Endo-
vascular Aneurysm Repair with Open Repair in Patients
with Abdominal Aortic Aneurysm (EVAR-1) trial, 1.2%
in the Dutch Randomised Endovascular Aneurysm
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vascular Repair (OVER) trial, and for OAR of 6.2% in the
EVAR-1 trial, 4.6% in the DREAM trial, and 3.0% in
OVER,25,27,28 during the perioperative period.
Our study showed an overall mortality of 1% in the
EVAR group and 3.0% in the OAR group, very similar to
the DREAM and OVER trials. In the highest category of
frailty, however, the 30-day mortality was 4% for EVAR
and 9% for OAR (Fig 1), which is substantially higher
than any randomized trial to date. Moreover, major
morbidity in the OVER trial was only 4% at 1 year in
both groups,27 whereas in our study, the patients in the
highest category of frailty had a 20% risk of major compli-
cations in the EVAR group and 47% in the OAR group
(Fig 2) in the 30-day period, suggesting that the underly-
ing population treated in the randomized controlled trials
was not as frail as the patients being treated today for
AAAs.
The huge disparity in the postoperative risk of death
and complications for frail patients compared with nonfrail
patients is important to recognize and inform decision
making and obtaining consent before AAA repair. The ran-
domized controlled trials had stringent inclusion criteria,
which included patients who were eligible for both OAR
and EVAR. As shown in our study, AAA repair is being
widely used across the nation in patients who are vulnerable
to complications and further FTR, including those with
multiple comorbidities, ASA class 4 to 5, functional depen-
dence, and residence in chronic care facilities, among
others.
Another signiﬁcant ﬁnding of our study is that frailty
predicts risk of postoperative morbidity and mortality inde-
pendently of age and has a more signiﬁcant effect size.
Sixteen percent of the population was aged <65 years.
Although older age is an important risk factor for adverse
outcomes after surgery, frailty may be present in a younger
population group that would be missed if frailty assessment
is restricted to the geriatric population. Using a cutoff of
mFI >0.2 as a deﬁnition of frailty resulted in a prevalence
of 20% frailty in the population aged <65 years and 24% for
those $65 years.
The strong association of frailty with postoperative
death and complications had similar ORs for the EVAR
and OAR groups (Tables IV and V), suggesting that the
risk on a multiplicative scale for increasing frailty is inde-
pendent of the type of repair chosen. Revenig et al29
recently showed a similar phenomenon of increased com-
plications in frail patients (OR, 5.914; P ¼ .025) undergo-
ing minimally invasive general surgical, urologic, and
oncologic procedures. They cautioned that the advent of
minimally invasive techniques has potentially led surgeons
to increasingly use these techniques in frail patients,
thinking that the techniques would be well tolerated in sit-
uations where the patient might not be a candidate for
traditional open techniques. In our study, the most frail
in the EVAR group had a 4% mortality risk, 20% risk of
any complications, and an 11% risk of FTR in the event
of any complication.Our study was limited by retrospective analysis of a na-
tional database, which does not contain other variables of in-
terest for frailty analyses such as gait speed or grip strength.
ThemFI therefore relies on amodel of accumulating deﬁcits,
including medical comorbidities and functional status. The
mFI has been validated in the NSQIP database. We also
demonstrated that admission from chronic care facilities
and signiﬁcant weight loss were signiﬁcant predictors of
death in the multivariate regression model, although the ab-
solute number of patientswith the presence of these variables
was low in the cohort (<2% overall).
Another limitation of our study was the inability to
explore in detail the interplay of frailty and FTR. There is
a deﬁnite association as well as an additive effect of frailty
and complications contributing to death. However, the
presence of frailty may possibly be associated with a reluc-
tance to attempt rescue and that cannot be answered with
this database. Future studies are needed to elucidate the
mechanism of FTR in frail patients.
Other constraints of theNSQIPdatabase includeuse of a
record review rather than prospective data collection by
nurse abstractors and a limitation of follow-up to 30 days
from the operation. Also, participation in the NSQIP data-
base is voluntary and may not be a true representation of na-
tional estimates. Despite these limitations, the NSQIP
database provided a large representative sample size for our
study during a 7-year period, with signiﬁcant trends seen in
AAA morbidity and mortality based on frailty.
Redeﬁning preoperative risk stratiﬁcation has received a
lot of attention in the recent surgical literature.30 There is an
increased emphasis to look beyond the traditional factors,
such as age, ASA class, and organ-speciﬁc (cardiac/pulmo-
nary) risk assessment to a more patient-centered approach
that can individualize risk stratiﬁcation for surgical patients
without being cumbersome. Frailty may be one such tool
that can be added to the standard preoperative risk assess-
ment and guide preoperative counseling for treatment ap-
proaches and optimizing anesthetic and operative choices,
as well as anticipating postoperative morbidity and aggres-
sively pursuing rescue from complications to prevent death.
Further studies are needed to explore the best measures
of frailty that should be used for preoperative patients that
are easy to administer and resource effective. Easily repro-
ducible tools, such as the mFI, may serve as screening tools
to identify frail patients, while additional measures of
frailty, such as grip strength and gait stability/speed, can
be used for selected patients in the preoperative evaluation
to add predictive power to the FI.
CONCLUSIONS
The overall morbidity and mortality for AAA repair by
open and endovascular means in a contemporary national
database is low. However, there is considerable variation
in these outcomes based on frailty, with the frailest patients
having a risk of death and complications of up to 9% and
40%, respectively. EVAR is minimally invasive and has a
lower absolute risk of adverse events than OAR, but the
presence of frailty substantially increases this risk in
JOURNAL OF VASCULAR SURGERY
Volume 61, Number 2 Arya et al 331EVAR, similar to OAR. Frailty is an independent predictor
of morbidity, mortality, and FTR beyond traditional risk
factors such as age, ASA class, and other comorbidities.
We postulate that the preoperative assessment of frailty
may be a useful adjunct in the preoperative decision mak-
ing for elective AAA repair patients.
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